Transmission properties of chiral metamaterials are investigated through the loss factor. Besides the amplitudes of transmission coefficients of right and left circularly polarized waves, the phases are the other main keys to control the refractive index and chirality of the chiral media, directly affecting the loss factor (LF). The LF is low when the phase combination of circular waves is large. This can be controlled by arranging the structure orientation. A case study of a well-known chiral structure, a crosswire, supports this theory.
INTRODUCTION
Chirality is a magnetoelectric parameter found in materials where cross polarization magnetoelectricity terms (ζ , ξ ) are presented by Matra and Wongkasem (2009) 
Chirality parameter (κ ) measures the degree of handedness of the materials, and as the handedness elements are equal in number, this parameter disappears (Lindell et al., 1994) . Chirality itself due to its two unique properties, that is optical rotary dispersion (ORD) and circular dichroism (CD), plays a significant role in wave control, for example, negative refraction (Pendry, 2004) , light splitting , focusing lens (Jin and He, 2005) , and Casimir forces McCauley et al., 2010) . To obtain these properties, chirality needs to be set at a correct level, for instance greater than the refractive index, in order to generate negative index (Ozbay et al., 2007; Burokur et al., 2009; Plum et al., 2009; Li et al., 2010; .
Chiral nihility where both permittivity and permeability are very small has been investigated in energy transmission and reflection for an oblique incidence (Qiu et al., 2008) . Theoretical and numerical analysis of transmission and reflection properties in chiral nihility metamaterials focusing on wave tunneling and rejection chiral photonics has been proposed (Tuz and Qiu, 2010 At a given incident angle, both transmission and reflection properties are found to be easily adjusted for either high transmission or reflection. Chirality is connected with materials refractive index, for example, chiral nihility resulting from magnetoelectric coupling can generate negative refractive index without requiring the resonances of the permittivity and permeability (Qiu et al., 2007a, b) . Refractive index and chirality are directly linked to the propagation properties of chiral media. An appropriate complex value of both refractive index and chirality, in both amplitude and phase, must be taken into consideration. Most papers have mainly presented the amplitude of the transmission and reflection coefficient though actually the phases of those coefficients are the key to explaining the transmission properties. Here, the loss factor (LF), obtained from an absolute ratio of an imaginary and real part of refractive index, will be used to indicate the transmission properties. In order to lower the LF, the imaginary part of the refractive index should be much less than the real part of the index. We have found that the phases of transmission and reflection coefficients are the essential parameters to control the real part of the refractive index and chirality. On the other hand the imaginary part of the index and chirality are controlled by the amplitude of the coefficients. Hence, to be able to manipulate the LF, some may focus on employing the phases by arranging the structure orientation. Based on its orientation simplicity and its unique negative refractive index property, a well-known chiral structure, the bi-layer cross wire Dong et al., 2009) , will be used as a case study. LF of the reference cross wire is compared with those of the other two modified cross wire structures. Phases of the modified structures are adjusted by rotating the main axes of the structures on the front and back of the substrate plane. This study shows why an appropriate chirality design can enhance the transmission in chiral metamaterials.
LOSSES IN CHIRAL METAMATERIALS
Losses in dielectric and magnetic medium can be presented by a ratio of an imaginary part and a real part of permittivity and permeability (Demarest, 1997) , respectively. Therefore, if any medium is considered, both material parameters should be taken into account. One convenient way is looking at a ratio of its imaginary part ( n′′ ) and real part of a refractive index ( n′ ) which can be stressed as a LF of the medium, defined in Equation 1. Where n′ is the ordinary value of index, while n′′ represents the absorption or attenuation term of the media (Feynman et al., 1963) .
Electromagnetic (EM) wave splits into two circularly polarized waves, that is, right circular polarization (RCP) and left circular polarization (LCP), when any arbitrary EM wave propagates through chiral metamaterials. Figure 1 illustrates propagation of RCP and LCP wave excited normally from the free space in region 1 and then propagating through the right-handed (RH) chiral media in region 2 to the free space in region 3 (Chen et al., 2004) . Since the chiral media is RH, the transmitted waves in region 3 are predominantly RCP n − ). The refractive indices are retrieved from scattering parameters obtained from a full wave simulation on a chiral slab. Equations 2 and 3 show how to obtain the real and imaginary part of the refractive indices of RCP and LCP wave. Only normal incidence is used in this study.
where ( ) ′ and ( ) ′′ denote real and imaginary parts of any complex valued parameters. A α and α θ are the amplitude and phase of the term:
; z is the impedance; 0 k is the wave number, and d is the thickness of slab. The imaginary part of n ± must be positive to correct the integer number m (Smith et al., 2002) . A α and α θ depend on the transmission ( T ± ) and reflection ( R ) coefficients of RCP and LCP wave, based on the impedance: . Note that the real part of z must be positive according to energy conversation and causality (Feynman et al., 1963) . Refractive indices of RCP and LCP wave, n ± , can be determined directly from the complex values (real and imaginary part) of the two parameters can be obtained as following:
The real part of κ (κ ′ 
Similarly, the LF of the propagating RCP and LCP wave can be calculated from Equation 9.
In order to provide good transmission, the amplitudes of the transmission coefficient must be high toward 1 and the amplitude of the reflection coefficient needs to be as low as possible. However, the phases T The LF peak where LF is highest is relocated due to the phase of the transmission coefficient. As the phase reduces from π to π − , the LF peak moves from π − to π . Therefore, to fulfill a low loss chiral media, one should manipulate the phase of the transmission coefficient in order to push the LF peak to the edges.
CASE STUDY: LF IN BI-LAYER CROSS WIRE STRUCTURES
Phases of transmission and reflection coefficients of RCP and LCP waves propagating through the chiral media directly affect the propagation quality. LF peak (highest loss) can be push to the edges based on the phase of the transmission coefficient. The indirect yet convenient way to manipulate the phase is to rearrange the structure's orientation. Because of its structure simplicity, a wellknown negative refractive chiral structure, the bi-layer cross wire Dong et al., 2009) After rotating the axes, the main axes of the front modified structure in both cases are along with the electric and magnetic field. The thickness of the dielectric substrate and structure (copper) are 1.6 mm and 36 µm, respectively. S-parameters are obtained from CST Microwave studio, where the periodic boundary is applied. The propagation direction of EM wave is along the z − direction in both cases. The study results are shown in Figures 5 to 6 .
The amplitude and phase of R of the RCP and LCP wave ( R + and R − ) of all three models are identical. There are two regimes where | T | of the two CP waves differ. The two regimes are connected. Nevertheless, to confirm the chirality, as discussed in equation 6, the phase of the two CP waves must be different. The three refractive indices and chirality parameter are then obtained using the extraction method ). Chirality of the reference structure is found within frequency bands where | T | of RCP and LCP wave are different, as presented in Figure 6 (a1). The effective index, eff n′ , of the structure is negative at the first and second resonance centered at 6.32 and 7.36 GHz, as the negative value of n + ′ is larger than the positive value of n − ′ and vice versa. eff n and κ depend on the phase of T , for example, n + (solid line) has a positive value when the phase of an RCP wave is negative. On the other hand, if the phase of an RCP wave is positive, n + is also negative. Figure 7 illustrates the phase combination of the two circular transmission coefficients and the phase α θ of the original and modified bilayer cross-wire structures. The difference of the phase combination and the phase α θ at the two resonances and in between of the reference model is large, indicating a possible low LF band. However, the appearance of the negative refractive index band at the first resonance is quite narrow as the LF starts to be higher toward infinite. Only the positive band of the LCP wave can still propagate. Note that high LF results are obtained when either: 1) the phase difference between RCP and LCP wave is close to zero, or 2) n′ is close to zero, or when 3) | T | of RCP and LCP waves are very low ( 5 < − dB). Then, as the structure axes are rotated, in preparation for the adjusting the phases, there is still chirality; yet, the band is narrower, as illustrated in Figure 6 (a2 and a3) . The difference between the phase combination and the phase α θ for the two modified cases is small at the first resonance, and even smaller at the second resonance. The loss factors of all waves at the second resonance are very large resulting in poor transmission. It is important to stress that the larger difference of the reference model results from the effective orientation set up with the main axe not being along the electric field direction. The reference model therefore was claimed to generate very strong optical activity . Note that the phase arrangement can be obtained in diverse ways for different chiral structures.
CONCLUSIONS
The loss factor and other related parameters, that is, Figure 5 . Amplitudes of R and T of (a1) original structure (a2) 1 st modified structure and (a3) 2 nd modified structure.
Phases of R and T (b1) original structure (b2) 1 st modified structure and (b3) 2 nd modified structure.
refractive indices and chirality parameter of chiral metamaterials, are analyzed. The related parameters are obtained from the transmission and reflection coefficient of RCP and LCP waves. Low losses can be obtained when the imaginary part of the refractive index is much less than the real part of the index. The loss factor in chiral media can be shifted from low to higher frequency, with respect to the transmission phase, as the amplitudes and phases of the RCP and LCP waves are adjusted; thus, the transmission properties of an electromagnetic wave can be manipulated if the maximum loss factor band, which is usually generated when the transmission
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T θ = in achiral media, is moved to an undesired location.
